Dimethyl Ether (DME) is a clean and economical alternative fuel. In addition it is also an ozonefriendly refrigerant. Burnett measurements were carried out at temperatures from (344 to 393) K and at pressures from (0.055 to 4.015) MPa. A total of 138 experimental points, taken along 15 isotherms and 12 different temperatures, were obtained. The apparatus was calibrated by helium.
Introduction
Dimethyl ether (DME) is the simplest ether, with a chemical formula of CH 3 OCH 3 . It is an important chemical material and it has many engineering applications. It is generally produced in a two step process: synthesis gas (syngas) is first converted to methanol and then DME is obtained by dehydration of methanol. The direct synthesis process technique from synthetic gas is still under development. 1 It can be made from coal, natural gas, residual oil, oil coke, and biomass and its production cost is rather low. In addition DME is non-toxic and non-carcinogenic.
Its physical properties are similar to those of liquefied petroleum gases (i.e., propane and butane), while burning DME, there are no emissions of SO x , NO x , or particulates. Its GWP is 0.3 per 100
years. 2 Besides its use as an assistant solvent and an aerosol propellant, recently it was shown to be a good alternative fuel. 1 In addition, because of its favorable thermodynamic properties, it has been suggested as an alternative refrigerant (RE170). In particular for air conditioning applications, a mixture of mass fraction of 60 % ammonia and 40 % dimethyl ether forms an interesting azeotrope (R723).
For all these reasons, its thermophysical properties were recently studied 3 and a preliminary fundamental equation of state was derived. 4 DME vapor pressure measurements were carried out at temperatures from (219 to 361) K and at pressures from (0.022 to 2.622) MPa, and a total of 71 experimental points were obtained in previous research at our laboratory. 5 After a literature search, a very limited number of second virial coefficients for DME were found in the open literature. [6] [7] [8] [9] [10] [11] In addition, the data are rather old and, excluding 2 points, 10 they were derived at a reduced temperature range that spans from 0.68 to 0.82. In this work, 138 experimental points were collected in the superheated vapor region and at higher reduced temperature range, spanning from 0.86 to 0.98. Derived second virial coefficients were compared with the predicted values by the Tsonopoulos correlating method.
Experimental apparatus and procedures
The sample was provided by Aldrich Inc., USA. It was degassed by immersion in liquid nitrogen and evacuation. Its purity was checked by gas chromatography using a thermal conductivity detector and its mass fraction was found to be better than 99.8 % by analysis of peak area.
A diagram of the apparatus, since it is the same as described elsewhere, 13 is not reported here. Measurements were performed using the classical Burnett experimental procedure. Initially, the first vessel was filled with the sample and its temperature and pressure were measured. Then, after evacuating the second vessel, the expansion valve was opened. Once the pressures between the vessels had equalized, the second vessel was isolated and evacuated again. This procedure was repeated until low pressures were achieved.
The uncertainty in the temperature measurements is due to the thermometer and any instability of the bath. The stability of the bath was found to be better than ±0.015 K, and the uncertainty of the thermometer was found to be better than 0.010 K in our temperature range. The total uncertainty in the temperature measurements was thus less than 0.025 K.
The uncertainty in the pressure measurements is due to the transducer and null indicator system, and to the pressure gages. The digital pressure indicator (Ruska Model 7000) has an uncertainty of ±0.003 % of full scale. The total uncertainty in the pressure measurement is also influenced by temperature fluctuations due to bath instability and was found to be less than ±1 kPa.
Results
The second and third virial coefficients obtained from the Burnett expansions of helium are reported in Table 1 and slightly poorer in terms of the third virial coefficients (AAD=321 cm 6 /mol 2 ). However, in terms of pressure an AAD=0.125 kPa was obtained.
For DME, in total 138 experimental points were collected along 15 isotherms in a temperature range from (344 to 393) K and for pressures from (0.055 to 4.015) MPa. Adopting the critical temperature value of T c = 400.3 K, 16 the experimental reduced temperature range spanned from 0.86 to 0.98. The experimental data are shown in Table 2 .
The experimental PVT measurements were used to derive the second, B, and third, C, virial coefficients of the virial equation,
In the regression, each run was treated separately and (dP) 2 was used as an objective function applying the Burnett constant from the helium calibration.
Defining the average absolute deviation in pressure as
we found AAD = 0.63 kPa, well within the estimated experimental uncertainty. The second and third virial coefficients are shown in Table 3 , together with the pressure deviations from the fit.
The second virial coefficients (B) are also reported in Figure 1 . This figure shows that the second virial coefficients, especially for values at T r < 0.92, are rather scattered. This was probably caused from the small pressure range, limited by the saturation pressure of DME. This limitation also
produced scattered values at low reduced temperatures for the third virial coefficients.
In order to overcome this problem, data were refitted keeping the third virial coefficients as fixed values according to the Orbey and Vera correlating method. 16 The resulting values for the second virial coefficients, B', and initial density, ρ (1), are also reported in Table 3 .
The B' were plotted in Figure 1 together with second virial coefficients calculated by eq 1 as ⋅mol -1 . The second virial coefficients calculated by eq 3 are also reported in Figure 1 as a dashed line.
In Figure 2 , the second virial coefficients (B') are plotted over a different reduced temperature scale and compared with values reported in the literature. 6 In the Figure The eventual adsorption contribution should be detected while plotting P i /P i+1 . The Burnett ratio P i /P i+1 was reported in Figure 3 
Conclusions
The PVT properties of an important alternative fuel such as DME were measured at temperatures from (344 to 393) K. The second and third virial coefficients were derived and compared with empirical correlating methods and with data found in the literature. After different attempts, we decided to fix the third virial coefficients according to the Orbey and Vera correlating method. The second virial coefficients derived in this way followed approximately the same trend as the literature ones that were obtained at a different reduced temperature range. Table 2 . Experimental pressures measured during Burnett expansions of DME. Table 3 . Second (B and B') and third (C) virial coefficients for DME; ρ(1) and ρ'(1) denote regressed initial densities. 
